The main objective of this paper is to find the determinants of the international competitiveness of the manufacturing sectors of the Czech economy, using the database of 13 manufacturing subsectors in 1995-2011, with the aid of ECM model. The authors research the question of how much foreign and domestic demand, the level of labour costs, the level of sector innovation intensity, the level of sector openness to foreign markets as well as sectoral labour productivity influence the changes in their trade balance. The results of the analysis conducted show substantial differences in the roles particular variables play in explaining the net exports in individual sectors. The results of the analysis indicate mostly a greater impact of the researched factors on net exports in long rather than short term.
Introduction
The Czech Republic is the leading economy among Central and East-European countries, with 88% share of manufacturing goods in total exports and with the 20th highest place in the ranking of the most industrialized economies. In addition, the Czech economy has been characterized by positive net exports in the manufacturing sector since 2002, in contrast to other CEE countries, e.g. Poland, which has achieved a positive balance in manufacturing trade since 2009.
From this, the international competitiveness of the Czech Republic and other CEE countries can be analysed in terms of their results in manufacturing trade, especially in terms of the achieved trade balance in manufacturing sector. In literature a trade balance is treated by some authors as a good indication and measure of narrowly defined international economic competitiveness (Deardorff, 1980; Greenhalgh et al., 1994; Soete, 1981) .
The research identifying the determinants of manufacturing foreign trade balance of Central and East-European countries is scarce. The one which can be found is based on highly aggregated data and focuses on one chosen determinant. For this reason the authors relying on disaggregated data for 13 manufacturing sub-sectors and using a dynamic ECM model aim to specify the determinants of international competitiveness of manufacturing sector in 1995-2011 for Czech economy. The study has been conducted simultaneously in two ways. In the first place a panel model for Czech manufacturing based on a yearly *1 Magdalena Olczyk, Gdansk University of Technology, Faculty of Management and Economics, data from 13 manufacturing sectors in 1995-2011 has been estimated (the so called "shared model"). Then sector level panel models allowing individual identification of both short and long-term relations between net exports and some of its determinants have been estimated.
The structure of the article is as follows. In the first part theoretical foundations of the relationship between the volume of foreign trade balance and its determinants have been presented. Next both data and the methodology of the conducted research have been shown. In the subsequent part the authors present the results of the empirical analysis of the influence of chosen factors on trade balance in manufacturing in the Czech Republic in 1995-2011. The last part of the article contains conclusions drawn from the conducted research.
Related Literature on Net Export Determinants
Domestic and foreign demands are main determinants of net exports. About the relationship between demand and trade balance we can find in literature in elastic approach to balance of payments by Robinson (Robinson, 1937) , in a Porter's model of diamond (1990) or in a Dixit-Stiglitz's model "love of diversity" (Dixit, Stiglitz, 1977) .
The authors' hypothesis is that a high level of domestic demand does not help improve international competitiveness of manufacturing sectors measured by foreign trade balance since it has a negative effect on the pace of exports growth and a positive effect on imports dynamics. Due to partial substitutability between sales on domestic and foreign markets, entrepreneurs want to compensate for the decrease of demand on the domestic market by selling abroad, and if the economic situation in their country is good, they concentrate on the domestic market, which is easier and they know it better. A negative relationship between the level of domestic demand and exports can be found in works of Faini (1994) , Sharma (2003) . The relationship between exports and domestic demand can be positive. This can be due to the fact that some export-entrepreneurs do not limit their exports in times of high domestic demand on account of substantial prior investments they made to enter foreign markets.
The authors' hypothesis is that a high level of foreign demand fosters international competitiveness of the manufacturing sector measured by the foreign trade balance. This hypothesis is based on a model of imperfect substitutes related to trade balance (trade balance approach), put forward by Bahmani-Oskooee (1985) . Trade balance is then a function of foreign demand, domestic production capacity, the size of monetary base both domestic and foreign and real effective exchange rates deflated with domestic wholesale prices. In Bahmani-Oskooee's (1985) analysis of quarterly data in [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] in Greece, India, Korea and Thailand, the estimated influence of foreign demand on trade balance was positive. Additionally, Bahmani-Oskooee (1991) proposed substituting of traditionally understood trade balance (the difference between exports and imports) with export-import quotient, which is also an approach taken by the authors in this paper.
Price is an equally important determinant of international competitiveness. According to literature overview by Turner and Van't dack (1993) and literature analysis by Turner and Golub (1997) , in industrialized economies relative unit labour costs (RULC) in industry seem to be the best singular measure of cost/price competitiveness. There are few studies in which the influence of relative labour cost on trade balance is analysed, the relationship between these variables is sometimes positive and sometimes negative. In Lewney's studies of manufacturing sector in 15 EU countries in 1998-2008 the decrease of RULC fostered the generation of positive trade balance in 10 countries, in 3 countries it negatively influenced this balance and in the remaining two RULC remained a statistically unimportant variable (Lewney, 2011) .
The level of innovation is yet another determinant of international competitiveness of a country/sector. In foreign trade theories the influence of R&D investments on trade intensity is underlined. In particular in the technological gap theory by Posner (1961) , in the life-cycle theory by Vernon (1966) and in the later Krugman's analyses (1979; Dollar, 1986) it is indicated that innovation is a potential source of competitive advantage and an incentive to export intensification. In competitiveness models some economists posit a positive relationship between innovation and largely defined competitiveness of economy/ sector (Porter, 1990) .On the other hand, Thirlwall (1988) in his demand model showed yet a different channel of innovation transmission which influenced the growth of economy's competitiveness. It turns out countries offering products characterized by narrow variety and low quality face a problem with the demand curve of imported goods, the curve which has high elasticity of income. For this reason quite often these countries generate a negative trade balance. It is through innovation that they can improve the quality as well as broaden the assortment of exported goods. Consequently they can also achieve a positive trade balance, which can be a sign of their competitiveness growth.
There is a lot of empirical literature in which the positive influence of innovation on trade balance in manufacturing is discussed (Greenhalgh et al., 1994; Wakelin, 1998; Anderton, 1999) . In the light of the above the authors suspect that innovative sectors are net exporters rather than net importers and posit a claim (to be verified) that there is a positive relationship between innovation level and foreign trade balance in manufacturing sub-sectors.
Another factor which influences the competitiveness of manufacturing sector measured by foreign trade balance is the level of openness of a given sector, understood as the share of trade balance in gross domestic product. In endogenous growth theories on macro and mezzo scale (Rivera-Batiz, Romer, 1991; Grossman, Helpman, 1991) attention is paid to long-term advantages from trade openness like a quicker technological transmission, the increase of specialization (via learning by doing) or the relocation of economic factors to more productive sectors, which have a comparative edge in trade (Melitz, 2003) . In empirical analyses on sector level Cameron et al. (2005) pointed out a statistically viable influence of trade openness on the intensity of technological transfer in 14 British manufacturing sub-sectors. According to Sun et al. (1999) who analysed 28 industrial subsectors in 29 Chinese provinces in 1995, trade openness has a positive effect on sectors' technical efficiency growth, which is due to benefiting from effect of the economy of scale and better absorption of technology. In the light of the above the authors posit a hypothesis that the openness of manufacturing sector fosters competitiveness measured by trade balance.
Labour productivity is another factor whose power and direction as well as influence on the competitiveness of trade balance the authors aim to verify. Theoretical relationships between productivity and trade balance are to be found in the latest trends of foreign trade theories. In new trade theory (New, New Trade Theory -NNTT), which is based on Melitz model (2003) and Melitz and Ottawiano model (2008) , only companies with highest productivity are capable of entering and competing on export markets (self-selection hypothesis), and their activity on foreign markets leads to their expansion.
Empirical verification of a positive influence of labour productivity on export activity (higher productivity increases the probability a company enters a foreign market) based on Melitz model can be found in works of Wagner (2008) , De Loecker (2007), Bustos's analysis (2011) and in works of Cieślik et al. (2012) .
On the sum, the authors aim to analyse to which extent the size of foreign demand, the size of domestic demand, the level of relative unit labour costs, the level of innovation intensity in a sector, the level of sector openness to foreign markets and labour productivity in a sector influence the changes of international competitiveness of Czech manufacturing sectors measured by foreign trade balance.
Data and Methodology
The data on export competitiveness are taken from the WIOD database 1 and the STAN OECD database. We divide the whole manufacturing sector into subsectors according to NACE 1.1. Due to lack of available data for all 14 subsectors, we combine subsector DB (manufacture of textiles and textile products) and subsector DC (manufacture of leather and leather products). Finally, we examine 13 manufacturing subsectors using balanced panel data for the period 1995-2011. The details of the dataset which we use in the analysis are presented in Table 1 . Source: Own elaboration.
1 At the moment, to the best of our knowledge this is the most comprehensive database available for sectoral analysis.
Before evaluating the international competitiveness of the manufacturing sector, we assess the stationarity of the variables used in the analysis and the cointegration between the measure of competitiveness and its determinants. To evaluate the stationarity of panel data we employ three panel unit root tests: first generation tests -the Breitung test (Breitung, 2000) and the Im-Pesaran-Shin test (Im et al., 2003) -which are based on the assumption of sectional independency; and the second generation test proposed by Pesaran (2003) , which allows for cross-sectional correlation. Monte Carlo experiments (Breitung, 2000; Pesaran, 2003) show that for relatively small panels all these tests perform well, both in terms of power and size.
When the non-stationarity of the variables used in the investigation is confirmed, then the cointegration procedure can be applied to test for a long-run relationship between the exports to imports ratio and its determinants. We use the Engle-Granger (1987) procedure, which focuses on testing the stationarity of the residuals obtained from a regression based on the growth-stationary variables. To assess panel cointegration, two Pedroni test statisticspanel-t statistic and group-t statistic (Pedroni, 1999) -and the Kao test (Kao, 1999) are used. Comparison of the panel cointegration tests shows that these tests have sufficient power even in the case of a small sample (Kao, 1999; Örsal, 2008; Wagner and Hlouskova, 2010) .
In the light of current research on estimators which are appropriate for non-stationary panel data and in the context of our sample size, cointegration vector parameters are obtained with a dynamic OLS (DOLS) estimator (Kao and Chiang, 2000) . The DOLS regression uses the lag and lead values of Δx it as additional regressors of y and is expressed as follows:
From the point of view of this analysis, SUR estimation seems to be an interesting approach. It allows heterogeneous coefficients for each subsector to be obtained. In the case of non-stationary data, Mark et al. (2005) propose a DSUR estimator. Its construction is similar to the DOLS estimator with endogeneity controlled by introducing the lags and leads of Δx it which come from the whole system. Assuming that:
where q is the number of lags / leads, the DSUR regression looks as follows:
Empirical Results
According to the methodology described in the previous section, our empirical analysis of the determinants of manufacturing sector competitiveness begins with assessment of the panel unit root. We use three tests: the Breitung test, the IPS test and the CADF Pesaran test. The results are reported in Table 2 . Evaluation of the panel unit root indicates that in the overwhelming majority of cases (logarithms of NEX, DD, FD, FDDD, OPEN, INNO) we can clearly consider that they are stationary in first differences. However, due to a low p-value in the IPS test for the logarithms of RULC and LPRO we also compute another first generation tests -Fisher type tests which do not allow rejecting the null. Finally, we can treat all the variables as integrated in first order. The next step is devoted to cointegration analysis. Regressions (4) and (5) 
The results for the Pedroni tests and the Kao test are reported in Table 3 . All the tests strongly reject the null of no cointegration, for the both models. According to Granger's representation theorem this means that all the above regressions can be presented as an error correction model. In order to estimate ECM we apply a two-step Engle-Granger procedure. In the first step, regressions (4) and (5) are estimated with the DOLS estimator. The number of leads and lags is chosen on the basis of SIC. All the regressions contain individual effects and a deterministic trend. In the second step, DOLS residuals are used to estimate Model (6) and Model (7). 
where ECM means residuals from DOLS regressions. The estimation results can be found in Table 4 . We are interested in interpreting the long-run calculated elasticities. It can be observed that the high degree of openness of the Czech economy strongly supports the growth of a positive trade balance. This is something we expected for a small economy like the Czech one with exports representing more than 81% of GDP. However, the key element which determines the generation of a positive trade balance in Czech manufacturing is a decrease in relative unit labour costs. This may indicate the domination of a price/cost competition strategy among Czech manufacturing exporters in the analysed period.
Much smaller than cost factors but still statistically important is the influence of demand factors (i.e. both domestic and foreign demand) and productivity growth on the trade balance of the Czech manufacturing sectors. The growth in domestic demand in the long term (Model 1) influences manufacturing trade surprisingly positively. This is probably related to the large number of specialized exporters of manufactured goods: the intensity of their exports does not rely so heavily on changes in domestic demand, as is the case for non-specialized exporters. Foreign demand evidently helps generate a positive trade balance in the Czech Republic twice as much as domestic demand. This is due to high Czech integration in international supply chains, which offer opportunities for Czech enterprises to enhance efficiency and source inputs globally, investing in specific activities where the location factors are optimal for profit. However, at the same time it leaves the Czech economy strongly exposed to slumps in global trade. In addition, growth in productivity only slightly (compared to cost factors) explains the increase in Czech net exports in the analysed period. The role of productivity in net export growth, which is smaller than we expected, shows an unfavourable situation, because boosting productivity is critical for future Czech export growth in the case of limitation of the cost/price advantages. Moreover, the extremely small significance of long-term investment in R&D (L INNO) in the trade balance of Czech manufacturing confirms a relatively low technological intensity of Czech exported goods.
The speed adjustment parameter, λ, which determines the pace of adaptation towards the long-term equilibrium level, is negative for both models. This means that deviations from the trend are corrected, and thus the trend can be treated as permanent and is due to fundamental characteristics of the economy. The values of both parameters indicate that the Czech economy has a good capacity to correct these deviations: almost 80% of the disequilibrium is reduced in one period of time.
It is interesting to go deeper and see how the trade balance, broken down into different manufacturing sub-sectors, reacts to the factors which determine it. To do this, we propose a model which allows individual parameters for each of the 13 sub-sectors to be obtained. Our sample size forces us to abandon DSUR and to focus on the ordinary SUR approach.
The results of estimating the model are shown in Table 5 . In this table, the sectors are sorted in diminishing order, according to each sector's share in total 2011 manufacturing exports.
For all the analysed sub-sectors the speed adjustment parameter λ is negative and for the majority of cases except for the DI sector this parameter is significant. This indicates that regardless of the way of approaching the problem, i.e. joint estimation or estimation for individual sub-sectors, Czech manufacturing is capable of reducing short-term imbalances. For 6 of 13 entities a stronger ECM effect is observed. Parameter λ is lower than −1 but higher than −2 2 . This suggests that the discrepancies between shocks and the trend are reduced in less than one year. In such cases, equilibrium is achieved by fluctuations of net exports, with the amplitude getting smaller until the final extinction of the shock. This can also indicate that particular sub-sectors are more flexible in absorbing external shocks.
Analysing the results we focus on four main subsectors, manufacturing electrical and optical equipment (DL), transport equipment (DM), machinery and equipment n.e.c. (DK), and basic metals and fabricated metal products (DJ). Together, they represent around 70% of total Czech manufacturing exports. An increase in trade openness naturally helps the generation of a positive foreign trade balance in the long term, but surprisingly in one of the major sub-sectors (the manufacture of basic metals) an increase in trade openness has a negative influence on the generation of positive net exports. This raises a question about the appropriate degree of openness of the Czech economy, especially its individual sectors.
The results confirm that relative unit labour costs heavily determine the trade balance in Czech manufacturing sub-sectors. These are the second most important (after openness) determinants of net exports in three of the four major subsectors. This indicates a domination of a price strategy by Czech exporters of manufactured goods as a competition tool in foreign markets, a strategy which, given the positive trade balance in manufacturing from 2002, turns out to be effective. Whether this strategy is still valid is an open question.
Relative demand, which plays a less important role in explaining changes in the net exports of 13 manufacturing sub-sectors, is quite important in three crucial subsectors. Two of these are sub-sectors where exports are generated in GV chains: the manufacture of transport equipment and the manufacture of machinery and equipment n.e.c. It is positive that the export/import surplus in these two sub-sectors can be achieved even in a situation when foreign demand is weaker than domestic demand. It is, however, negative that the manufacture of basic metals and fabricated metal products has a strong dependence on the economic situation in foreign markets, i.e. in the long-term positive net exports are only generated when the relative demand increases.
Labour productivity and investment in R&D are not essential in explaining changes in the trade balance of the major sectors. Productivity growth only positively and significantly influences the generation of positive net exports in the manufacture of transport equipment, and investment in R&D only plays a key role in explaining changes in net exports in the manufacture of machinery and equipment. Insufficient use of the productivity gap between the Czech Republic and the EU15 economies and the low innovation level of the goods exported are the most import weakness of the Czech trade balance, but at the same time they represent the most important opportunities for its growth in the future. 
Summary of the Findings and Conclusions
The Czech Republic is a small open economy, for which exports represent a major source of growth and positive net exports is a sign of a high level of international competitiveness. Therefore, knowledge about the main determinants of net exports, especially at the level of individual sectors, seems to be crucial for creating an appropriate export-led growth strategy. The aim of this study has been to fill the gap in the empirical literature on the determinants of Czech net exports. This paper has added to the few existing empirical works by specifying the net export performance equation not only as a function of foreign demand and price or cost factors, as is done traditionally, but also of the size of domestic demand, the level of innovation intensity, the level of openness to foreign markets and labour productivity. Our new approach is also based on employing an error correction model to disaggregated sectoral manufacturing data. It has additionally allowed the speed of adjustment to long-run equilibrium to be estimated and the ability of the Czech economy to correct deviations from equilibrium to be assessed.
The results obtained show that the Czech trade surplus grew strongly due to a favourable cost effect, i.e. decreasing relative unit costs promotes net Czech export growth. In recent years the Czech Republic has been regarded as a traditionally low-cost manufacturing country, but nowadays it appears to be under pressure as a result of a combination of factors that have significantly eroded the cost advantage during the last decade. The Czech export strategy for future years can no longer be based on low production costs, but on increasing productivity (productivity should increase more dynamically than wages) or high R&D intensity in exported products. We have found that that both productivity and innovation were for a long time statistically important only in one out of four main Czech sub-sectors. We strongly recommend the promotion of Czech exports of products with a high R&D intensity and labour productivity growth as the main sources of Czech positive net exports in the future, in particular because these two variables are often tied with each other, i.e. increasing innovation has a positive and clear impact on productivity growth.
The results confirm that positive Czech net exports are dependent on foreign demand, probably relying on the activity of multinational corporations. This situation is unfavourable, with Czech exporters being tied to imports of parts and components, and their products being re-exported. Such exports of manufactured goods, especially in main export sectors, such as the manufacturing of transport equipment, electronic equipment and machinery, are sensitive to foreign, mainly EU15, demand, and do not allow a high gross value to be generated in GV chains. The participation of the Czech Republic in GVCs through exporting is mainly driven by foreign intermediation, and backward participation in the main export sectors is extremely high. We recommend some geographical export reorientation, i.e. identifying new final international markets with a higher potential for the generation of added value. It is highly desirable that the existing specializations of Czech exporters be refocussed by developing the skills associated with acquiring new markets (strategic management, marketing innovation management, legal trade know-how, and direct investment abroad). The Czech Republic should also attract FDI mainly in the areas of R&D and services, i.e. investments with high added value requiring less invested capital.
We hope that the results of these estimations will contribute to discussion of the instruments which can help enhance the competitiveness of particular sub-sectors of manufacturing, especially given that positive trade balance generation in manufacturing is a key priority in the Czech strategy for export growth for 2012-2020. Once the data is available, further estimation of models for a longer time series would be desirable. If different databases make the data available, new explanatory variables such as the value of FDI could be taken into account in the model.
